This paper reports a series of four experiments that established a negative compatibility effect (NCE) by which compatible distractors led to slower and less accurate target performance than did incompatible ones (Experiment 1). This effect is interpreted as an early perceptual effect that delays the attribution of visual attention over the target location in the compatible condition. This view predicted that the NCE should be observed only when attention has to be selectively attributed to the target location. In Experiments 2 and 3, this prediction was tested by manipulating the perceptual load in the display. Highperceptual load displays are lrnown to require selective attention (Lavie, 1995) . Accordingly,reliable NCEs were observed when high-load displays were used. In contrast, reduced NCEs were found in displays that did not require selective attention. Experiment 4 established that the manifestation of the NCEwas influenced by low-levelvisual cues, such as brightness and contrast. Overall,these experiments indicated that the NCE can be understood as an early perceptual effect, which arises from a conflict between the cues that guide the distribution of attention when the task requires selective attention.
Response to a target shape is facilitated by the presence of distractors associated with the same response (compatible distractors), as compared with distractors associated with a competing response (incompatible distractors). Participants presented with a display containing two shapes, one blue and one red, are typically slower and less accurate at identifying the blue shape as a square when the red shape is a diamond rather than a square. This effect will hereafter be termed the positive compatibility effect (PCE) . Although the Stroop effect and the flanker compatibility effect are probably the most well-known examples of positive compatibility effects, compatibility effects are so pervasive that they are observed across various tasks and stimuli (see Kornblum & Lee, 1995 , for an exhaustive review of the different kinds of compatibility effects).
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Surprisingly, in a series of experiments on selective attention that manipulated a variant of the flanker compatibility effect, Briand (1994) found, under certain conditions, a negative compatibility effect (NCE). In the experiment of interest, two compound letters were presented, one in red and the other in blue ( Figure I ). The participants were required to identify letters at the local level of the blue group while ignoring the red group. The participants were 29 msec slower to identify the local blue letters when the identity of the global red letter was compatible than when it was incompatible. Similarly, in a series of experiments that manipulated the Stroop effect and the Garner effect, Van Leeuwen and Bakker (1995) reported NCEs. In their experiments, participants were presented with two shapes, each with a local indentation and a global form. They were asked to decide whether the local indentation of the target shape was a triangle or a square, while the global form was manipulated to be compatible or incompatible with the target indentation. For the same visual displays, they observed either a PCE or an NCE as the display duration was varied (Van Leeuwen & Bakker, 1995 , Experiment 2, Figure 5 ). These results are striking, since they show that an NCE can be observed with exactly the same visual displays as those in which a PCE is expected.
The observation of an NCE is surprising within our present understanding of visual attention and visual selection. As we just reviewed, the effect of distractors has been understood as being due to the competition of distractors with the target during response selection (Stroop Copyright 2000 Psychonomic Society, Inc. Briand's (1994) experiments. The participants had to identify the letter at the local level of the blue shape (l.e., local T in global E in this figure). T and H were associated with different response, whereas Land E were never associated with a response (neutral).
ature is known to generalize to various configurations, including geometrical shapes (Fagot & Deruelle, 1997; Navon, 1983) . We presented two compound shape patterns, one in black and the other in white. Examples ofthe shapes presented are given in Figure 2 . In this example, the participants were asked to decide whether there were local squares or local diamonds in the black pattern; circles were neutral shapes. The performance of the participants was measured as the type of the distractor varied.
On the basis of the results reported by Briand (1994 ,  Table 2 , p. 568), we expected an NCE from betweengroup global distractors.
effect, flanker compatibility effect, Simon effect; see Kornblum & Lee, 1995 , for a review). Some accounts hold that the effect is due to a facilitation from compatible distractors, whereas others maintain that it is due to a hindrance from incompatible ones. However, all the accounts predict that performance should be better with compatible than with incompatible distractors. The finding that compatible distractors disrupt processing more than do incompatible ones clearly rules out accounts in terms of competition during response selection. Although the NCE may seem puzzling in regard to the previous literature on visual selection, we would like to propose that it results from the early processes that guide target selection. The goal of the experiments presented in this paper was to establish a reliable NCE, to characterize the conditions under which it is observed, and to understand its mechanism.
EXPERIMENT 1
This experiment closely replicated the study of Briand (1994) . In the variation ofthe experimental task developed by Paquet and Merikle (1988), Briand ( 1994) presented two compound letter patterns (global letters made oflocal letters), one in red and the other in blue. The color of the pattern indicated the target. For example, in one representative session, participants had to decide whether the local letters in the blue pattern were Ts or Hs. The identities of the letters at the three levels other than the target level were systematically manipulated during this session. Distractors could appear at one of the three nontarget levels: the global level in the blue pattern (within-group global distractors), the global level in the red pattern (between-group global distractors), and the local level in the red pattern (between-group local distractors). Alternatively, all three levels could be neutral (L or E), providing a baseline for the experiment. Briand (1994) observed an NCE from the global letter distractors when they belonged to the red pattern (between-group condition).
The design of Experiment I was similar to that of Briand (1994) , with the exception that the hierarchical patterns used were geometrical shapes. The standard global-to-local compatibility effect reported in the liter-
Method
Participants. Thirteen participants took part in this experiment; however, I participant did not meet the accuracy criterion (70% correct) required for this experiment and was omitted from any analysis. The 12 participants kept for analysis included 8 females and 4 males, with ages ranging from 18 to 27 years (mean age = 21 years). All the participants were from the University of California, San Diego, community; they were right-handed and had normal or corrected-to-normal vision. The participants were paid $7 per hour for their participation.
Stimuli and Procedure. In each trial, the participants were presented with two hierarchical objects composed of geometrical shapes. Each pattern was composed of a global shape made ofJocal elements (Figure 2 ). The display was flashed on a Seiko Instrument (CM2050C) monitor 56 in. from the participant, subtending a total visual angle of 5°. Each hierarchical shape was displayed on a gray circle background that subtended 2.25°. The global level (1.5") was always made of 12 local elements (0.22°). The patterns had different lightness; one was white, and the other was black. Half of the participants were asked to pay attention to the white group, the other half to the black group. The positions of the white and the black groups were randomly assigned, with the only constraint being that each group appeared equally often on the left and on the right of the fixation point. The experimental condition of interest consisted of a local session, during which the participants were to decide whether the local elements of the target group were squares or diamonds. The participants were also asked to perform a global session, during which they were to decide whether the global element of the target group was a square or a diamond. Order of session was counterbalanced among participants. The results of the global sessions showed the same trend as that of the local sessions. As previously reported in the global/local literature, the size of the effects were, however, attenuated. For these reasons, the global session will not be discussed further. The distractors could be located at either level (global/local) and could belong to either the target (within-group) or the nontarget (between-group) group. The identity of the distractors could be compatible, incompatible, or neutral with respect to the target. The design included all possible factorial combinations of distractor level (global/local), distractor location relative to the target group (within-group/between-group), and distractor compatibility (compatible/incompatible/neutral), for a total of seven conditions (within-group: 1 distractor level X 2 distractor compatibility; between-group: 2 distractor level X 2 distractor compatibility; and neutral: 1 distractor compatibility). All these factors were counterbalanced within participants.
The session comprised 280 trials (i.e., 40 trials per condition). divided into four blocks. The participants were instructed to answer as quickly as possible. while maintaining an accuracy of95%. After each block, they were given feedback about their mean accuracy and speed. Whether the participants used their right or their left hands for signaling a square or a diamond was counterbalanced
Results
The mean reaction times (RTs) for correct responses were obtained for each of the 12 participants. Trials in which the RTs exceeded two standard deviations of the participant mean RT were excluded (4.8% of the trials). Error rates were computed and are reported in the tables. An analysis similar to those performed on mean RTs were carried out on error rates. However, error analyses did not show significant effects that differed from those revealed by RT analyses and will not be discussed further.
The mean RT was 669 msec, with a mean error rate of 10%. The main results are summarized in Table I . The analyses focused on the compatibility effect, as measured by the difference in performance between compatible and incompatible trials. For reference, the mean RT and percent error for neutral trials are reported in Appendix A.
An analysis of variance (ANOYA), with the three different kinds of distractor (within-global/betweenglobal/between-local) and compatibility (compatible/ incompatible) as factors, revealed a main effect of distractor kind [within-global, 774 msec, vs. between-global. 791 msec, vs. between-local, 751 msec; F(2,22) = 5.7, MS e = 1,711.2, p < .0 I] and no effect of compatibility (p > .8). An interaction between distractor kind and compatibility indicated, however, different effects of compatibility across the three kinds of distractor [F(2,22) set to 500 msec after the execution ofthe response. The participants were trained until they answered correctly for 10 consecutive trials. The session lasted about 20 min.
Discussion
As was predicted, Experiment I demonstrates a robust NCE from between-group global distractors. In this condition, distractors hindered target processing more when they were compatible than when they were incompatible. This result contrasts with the standard PCE from global distractors onto local targets observed in the standard Navon configuration, in which the global distractor is made up of the local targets. As in Briand (1994) and Yan Leeuwen and Bakker (1995) , it appears that the NCE is strongest from distractors that are global and that are not within the same perceptual group as the target.
We propose that the NCE is an early perceptual effect, which arises from a conflict between the cues that guide the distribution ofattention over the display. Previous re- Examples of the stimuli used in Experiment 1 as a function of the different experimental conditions. The participants were asked to decide whether there were squares or diamonds at the local level of the black shape (only those displays in which the answer was square are shown).
Neutral
Global Incompatible across participants. Trials were self-paced; the word READYwas displayed until the participant initiated the trial by pressing the space bar. A fixation dot appeared in the center of the screen for 500 msec, followed by the gray background for 500 msec and then the stimuli for 150 msec. The onset ofthe stimuli activated the computer clock, which was stopped when the participant pressed one of the response keys on the response box. The intertrial interval was EXPERIMENT 2 & Logan, 1995; Miller, 1982; Vecera & Farah, 1994; Yantis, 1995) . In the between-group condition of Experiment 1, the gray backgrounds and the different lightness of the target and the distractor, along with the task requirements, suggested that the distractors and the targets should be considered separately. However,in the compatible condition, the similarity of the target and the distractors may have induced these shapes to be grouped together. We propose that this conflict among the parsing cues delays the distribution of attention over the display and is responsible for the slower RTs and the lesser accuracy seen in the compatible condition. Note that grouping by similarity is only present in the compatible condition; in the incompatible conditions, all the cues indicate that the distractors and the targets belong to unrelated groups.
This proposal holds that the NCE is due to a conflict between the factors that control the distribution ofvisual attention over the display. Adequate distribution ofvisual attention, also termed selective attention, is, however, not always necessary for target selection and processing. For example, Lavie (1995) has shown that unselective processing occurs when the target task is easy and only requires very few attentional resources. In this case, spare attentional capacities automatically spill over to process irrelevant information, and large positive effects of distractor compatibility are expected. In contrast, when the target selection is demanding and exhausts the processing capacities of the visual system, accurate target processing requires visual attention to be selectively allocated over the target location. In this case, few or no resources will be available to process distractors, leading one to predict small, if any, effects from distractors. In accordance with this proposal, Lavie has shown that low perceptual load displays that allow efficient target searches lead to greater PCEs than do high perceptual load displays, in which the target search is demanding. Ifthe NCE is due to a conflict between factors that control the distribution of visual attention over the display, it should be robust only when the distribution of visual attention affects target performance-that is, when selective visual attention is required. In Experiments 2 and 3, this proposal was tested by manipulating the ease of target selection. We predicted that an NCE should be observed for highload displays, in which the target search is difficult, but should disappear for low-load displays, in which the target search is efficient. search has shown that cues as varied as luminance contrast, connectedness, and other Gestalt cues that affect grouping, as well as task requirements, affect the distribution ofselective attention on the display (Kramer, Coles, 1992). The proposal that the NCE is not specific to the displays used in Experiment 1 but occurs with any display in which the target search is difficult predicted reliable NCEs from between-group distractors. stimulus configuration, but not across the configurations that belonged to the same experimental condition, suggesting that the source of the problem was configuration specific. Thus, the results from this configuration were not included in the following analyses (leading to the exclusion of 20 trials X 12 participants = 240 trials). The same analysis parameters as those in Experiment 1 were otherwise used. In particular, for all 12 participants, RTs outside two standard deviations were discarded from the analysis (2.6% of the trials). As in Experiment 1, the analyses focused on the difference between compatible and incompatible trials (Tables 2A and 2B ). The mean RTs and percent error for neutral trials are reported in Appendix A for reference. Error analyses will not be reported unless they indicated an effect that differed from the RT analysis.
Inner-set distractors. The mean RT was 753 msec, with a mean error rate of 11%. The results are reported in Table 2A ; note that the displays in this condition were similar to those of Experiment 1, except for the addition of an outer ring of circles.
An ANOYA, with the three different kinds of distractors (within-globallbetween-globallbetween-local) and compatibility (compatible, incompatible) as factors, revealed a main effect ofdistractor condition [within-global, 774 msec, vs. between-global, 765 Outer-set distractors. The mean RT was 768 msec, with a mean error rate of 8% (Table 2B) . A 2 X 2 X 2 ANOYA, with the four different kinds of distractors (crossed 2 X 2 by group and level) and compatibility (compatible/incompatible), was carried out. The mean RT was faster for the between-group condition than for the within-group condition [751 vs. 800 Thus, as in previous studies, global distractors were more disruptive than local ones (Navon, 1977; Paquet & Merikle, 1988 Participants. Thirteen participants, drawn from the same population as those in Experiment I, took part in this experiment. None had participated in the previous experiment. One participant did not meet the 70% accuracy criterion and was omitted from any analyses. The 12 participants kept for analysis included 8 females and 4 males; their ages ranged from 18 to 30 years (mean age = 22 years).
Stimuli and Procedure. The stimuli consisted of two patterns, each made of two hierarchical levels ( Figure 3 ). The smaller hierarchicallevel was identical to that of Experiment I; the additional level subtended about 1.9 0 of visual angle and was always made up of20 local elements (of 0.22 0 each). The smaller hierarchical level will hereafter be termed the inner set, and the larger one will be termed the outer set. Apparatus, monitor settings, and procedure were otherwise identical to those in Experiment I.
The targets were always located at the local level of the inner set (as in Experiment I). The identities of the shapes at the seven levels other than the target level were systematically manipulated during a session. The design included all possible factorial combinations of distractor location in the hierarchical structure (outer vs. inner set), distractor level (local vs. global level), distractor location relative to the target group (within-vs. between-group location), and distractor identity (compatible, incompatible. or neutral, relative to the target), for a total of IS different conditions. All the factors were counterbalanced within participants. The session comprised 600 trials (i.e., 40 trials per condition), divided into six blocks, and lasted about 45 min.
Results
One of the stimulus configurations seemed abnormally difficult (within-group, outer-set, global compatible distractor, diamond targets; see Appendix B). The overall accuracy for that configuration was less than 40%, whereas for all the other configurations, it was around 90%. This difficulty was only found with one The results of Experiment 2 establish a reliable NCE for three different types ofstimulus configurations (innerset global distractors, inner-set local distractors, and outer-set global distractors). This pattern offindings allows us to rul~.out an explanation of the NCE as being an effect specific to the global between-group distractor configuration of Experiment I. Rather, the observation of a reliable NCE with these complex embedded hierarchical shapes is consistent with the proposal that the NCE is observed when the target task is difficult and requires selective attention. In Experiment 3, this proposal was tested directly by comparing the complex, high perceptual load displays used in Experiment I with displays with a lower perceptual load. The proposal that the NCE requires selective attention leads one to predict a larger NCE f~om global between-group distractors in the highload displays than from those in the lower load displays. EXPERIMENT 3
Within-Group Experiment 3 tested the prediction that the NCE should be observed only when the target task requires selective attention. Compatibility effects were compared, when the visual displays were made up either ofcomplex shapes, rendering the target selection difficult, or ofsimple shapes, rendering the target selection easy (Figure 4) . We predicted that the NCE should be larger for the high perceptual load displays, in which the shapes were complex, than for the low perceptual load displays that used simple shapes. Because Van Leeuwen and Bakker (1995) showed that the size of the NCE varies with display duration, it was important to ensure that any differences between low-and high-load displays were not due to dif- 
Discussion
The results from the inner-set distractors of Experiment 2 confirm the main findings of Experiment I. A strong PCE was observed for within-group distractors. This configuration corresponded to the classical configuration used by Navon (1977) , in which the global distractor is made up of the local targets. For the betweengroup distractors, robust NCEs were observed, as in Experiment I. The finding of a significant NCE from local inner-set distractors suggests that the effect generalizes to other types of distractors besides global ones, alt~ough the NCE certainly appears strongest from global distractors. For the outer-set location, within-group distractors failed to show a clear effect ofcompatibility. This may have been due to their ambiguous status, since their location and color tended to group them with the target, whereas the task required them to be ignored. For the between-group distractors, global outer-set distractors led to a robust NeE, comparable with that of inner-set distractors. Figure 4 . Example of the low-load and high-load displays used in Experiment 3. The target shape is black.
fering sensitivities to duration. To maximize chances of observing an NCE under low perceptual load, presentation times varied downward from 146 to 53 msec in eight regular steps.
Method
Participants. Fifteen participants took part in this experiment, including 12 females and 3 males; their ages ranged from 18 to 25 years (mean age = 20.6 years). All the participants were members of Georgetown University; they were right-handed and had normal or corrected-to-normal vision; they had not taken part in the previous experiments. The participants were paid $7 per hour for their participation.
Stimuli and Procedure. This experiment was run on a different experimental setup than were the first two experiments, resulting in minor modifications of the method, as noted below. The display was flashed on a Mitsubishi (Diamond Pro 21-TX) monitor. All the visual angles were kept identical to those used in Experiment 1, but the participants were now sitting 20 in. from the monitor.
The stimuli consisted of two perceptual groups composed of geometrical shapes. High-load displays consisted of hierarchical shapes similar to those used in Experiment 1. Low-load displays consisted of nonhierarchical shapes, whose size was matched to that used in the high-load displays. By analogy with the high-load condition, the small shapes in the low-load displays will be termed local, and the larger ones global (Figure 4) . The targets were always local; the distractors were always located in the nontarget shape, at either the global or the local level. Presentation times varied from 146 to 53 msec in 13.3-msec steps and were presented randomly mixed. High-and low-load displays were administered in separate blocks, with the order of blocks randomized across participants. The high-load blocks included five experimental conditions (global/local X compatible/incompatible, plus one neutral condition) and the low-load block included six experimental conditions (global/local X compatible/incompatible/neutral). The neutral stimuli are shown in Appendix C.
The participants were trained at the beginning of each block by performing two sets of 12 trials. The first 3 trials were performed at a slower speed, so that the participants could get familiar with the experiment. The high-load blocks comprised 480 trials (96 trials per condition); the low-load blocks comprised 576 trials (96 trials per condition). Every 48 trials, the participants were given feedback about their mean accuracy and speed. The phrase "Press the space bar when ready" prompted the participants to press the space bar to initiate a trial. Following the initiation of a trial, a fixation point appeared in the center of the screen for 500 msec, immediately followed by the stimuli for one of the experimental display durations. The intertrial interval was set at 500 msec after the execution of the response. The experiment lasted about I h lOmin. The participants used the keyboard to make their responses. The participants were required to press the n key with their index fingers for the target shape square and the m key with their middle fingers for the target shape diamond. The procedure was otherwise similar to that in Experiment 1. In addition, the participants were first tested on a block of lowload displays in which the distractor shape was always neutral and the target shape was either local or global. This test block contained 256 trials; the participants were given feedback about their mean accuracy and speed every 32 trials. The purpose of this test block was to establish that local shapes were harder than global ones in the low-load displays, since it is the case in the high-load displays. Analysis ofRTs and percent error confirmed that local shapes were harder to process than global shapes [MD = 31 msec; F(I, 14) = 41.3, MS e = 3 I5.7, p < .000 I]. This result will not be discussed further.
Results
As in Experiments 1 and 2, RTs outside two standard deviations were discarded from the analysis (4.5% of the trials). The results are summarized in Table 3 ; mean RTs and percent error for neutral trials are given in Appendix D. In this experiment, as well as in Experiment 4, error analyses led to a pattern of results similar to that for RT analyses and will not be discussed further.
A 2 X 2 X 2 X 8 ANOVA was carried out, with perceptual load (high/low), distractor level (global/local), compatibility (compatible/incompatible), and presentation times (146 msec/133 msec/120 msec/l06 msec/93 msec/ 80 msec/66 msec/53 msec) as factors. The mean RT was longer for high-load than for low-load displays [ (Paquet, 1992; Paquet & Merikle, 1988) ; it was, however, unexpected, given the tendency for NCEs that was observed from similar between-group local distractors in Experiments I and 2. For low-load displays, the mean RT was faster for compatible distractors, whether at the global or the local level [MD = +29 rnsec, F(l, 14) Although interactions between more than two factors are hard to interpret, these interactions reflected, in part, different patterns of compatibility effects in low-load and high-load displays as presentation time was varied. In particular, whereas compatibility effects were quite similar across presentation times in low-load displays, they showed more variation in high-load displays, especially when the distractor was global ( Figure 5 ). This finding is in line with the report of Van Leeuwen and Bakker (1995) that the size of the NCE is highly sensitive to presentation times. Different presentation times were included, to ensure that the lack of an NCE in the low-load display was not due to the use of a specific presentation time. Accordingly, no trace of an NCE was observed in the low-load condition, even at the shortest presentation times. Overall, these results support the proposal that perceptualload affects the size of the NCE. However, since a significant NCE was only observed from global distractors in this experiment, this proposal was best tested by considering global and local distractors separately. ANOVAs with perceptual load and compatibility as factors were carried out separately for the global and the local distractors. For the global distractors, a main effect of perceptual load indexed by longer RTs for high-load displays confirmed that target selection was harder when the shapes were complex hierarchical structures [F(I,14 
Discussion
The results of Experiment 3 confirm the hypothesis that the NCE decreases as the target task becomes easier and requires less selective attention. The significant interaction between perceptual load and compatibility for the global distractors supported this prediction. The global distractors led to a smaller NCE in low-load displays than in high-load displays. In fact, positive, rather than Figure 5 . Compatibility effects from global distractors as a function of the presentation times in Experiment 3. Negative compatibility effects were observed for high-load displays, whereas positive compatibility effects were observed for low-load displays.
that they should be segregated. The first three experiments documented the importance of a target task that requires selective attention in the manifestation of the NCE. In Experiment 4, the proposal that the NCE arises from a conflict between different segmentation cues when the target task is difficult was tested further. Experiment 4 replicated Experiment 3, except for an increase in luminance contrast. The efficiency of the early stages of segmentation, such as edge detection, is known to be influenced by luminance contrast (Nothdurft, 1994) . The presence of high-contrast boundaries in Experiment 4 should allow the segmentation of the visual display to proceed faster and should facilitate target selection. The hypothesis that the NCE is due to a delay during the segmentation of compatible displays leads one to predict that it should be reduced with the high-luminance contrast of Experiment 4. ..... 00 Experiment 4 was identical to Experiment 3, except for a higher brightness and contrast of the displays. We predicted that the NCE observed with the complex, highload displays of Experiment 3 should be reduced when a high-luminance contrast was used. In contrast, the PCE observed with low-load displays in Experiment 3 was expected to display little sensitivity to this manipulation, since it was believed to occur mainly during response selection.
Method
Participants. Fifteen participants took part in this experiment, including 9 females and 6 males; their ages ranged from 18 to 22 years (mean age = 19.6 years). All the participants were drawn from the same population as that in Experiment 3. None had participated in the previous experiments.
Stimuli and Procedure. The stimuli and procedures were identical to those in Experiment 3. The only difference was that the monitor settings were changed so that the brightness and contrast of the monitor were increased from 55% and 60%, respectively, to 100% and 100%. Luminance levels for the different components of a display are listed below in comparison with those of Experiment 3. The overall background was a homogeneous 82 cd/m-area (vs. 18 cd/m-in Experiment 3); the gray circle background had a luminance of 15 cd/m-(vs. 1.9 cd/m 2); the black shapes had a luminance negative, compatibility effects were observed in lowload displays. The possibility that these PCEs were due to an inadequate choice of the presentation times appears highly unlikely. Eight different presentation times were used in Experiment 3; PCEs were observed for low-load displays for all the individual presentation times, even at the shortest ones ( Figure 5) . Thus, the pattern of compatibility effects in the low-load condition cannot be easily attributed to a different sensitivity to display duration. The robust PCEs observed in low-load displays are consistent with Lavie's (1995) proposal that the positive effects of compatibility should be strongest when the target task is easy and requires little selective attention. The claim that the target task is easier in low-load displays is supported by the finding of shorter RTs and fewer errors for low-load displays than for high-load displays.
Experiment 3 confirms the robustness ofthe NCE. The global distractors in high-load displays led to longer RTs when compatible. However, the presence of a PCE from the local distractors in high-load displays was unexpected, given the results of Experiments 1 and 2 for identical or similar configurations. It is possible that the striking symmetry in compatible local distractor displays was strong enough in Experiment 3 to overcome efficiently other conflicting parsing cues that indicated that the target and the distractors should be considered separately (such as the distinct gray backgrounds and the task requirements). The view that cues indicating separate groups were weaker in Experiment 3 is supported by the observation that the NCE from the global distractors was smaller than those in Experiments 1 and 2.
We have proposed that, under conditions in which the target task requires selective attention, the type of compatibility effect (negative, positive, or none) is influenced by the early parsing stages of the display. The NCE is attributed to a competition between conflicting parsing cues in the global compatible condition. Whereas shape similarity between targets and distractors tends to induce grouping, the different color and distinct gray backgrounds of the target and the distractor groups indicate of4.8 cd/rn-(vs. .38 cd/m-'); and the white shapes had a luminance of88 cd/rn-(vs. 26 cd/m-).
Results
RTs outside two standard deviations were discarded from the analysis (4.1 % of the trials). The results of Experiment 4 are given in Table4; mean RT and percent error for neutral trials are given in Appendix D.
As for Experiment 3, a 2 X 2 X 2 X 8 ANOVA was carried out, with perceptual load (low/high), distractor level (global/local), compatibility (compatible/incompatible), and presentation times (146 msec/133 msec/120 msec/ 106 msec/93 msec/80 msec/66 msec/53 msec) as factors.
In contrast to what was observed in Experiment 3, no significant effect of presentation time was observed (all p values in which presentation time was a factor were greater than .1). +27 msec, F(l,14) =41.3, MS e = 1,120.4,p < .0001, and MD = +14 msec, F(1,14) = 22.9, MS e = 1,120.4, P < .0003, respectively].
The finding of a PCE, rather than an NCE, for the global distractors in the between-group, high-load displays condition supported the claim that the size of the NCE would decrease as target selection and display segmentation were facilitated by increased contrast and luminance in the display. This proposal could, however, be assessed directly by comparing the compatibility effects for highload global distractors as a function of the different monitor settings of Experiments 3 and 4. A 2 X 2 ANOVA was carried out, with compatibility as a within-participant factor and monitor settings (Experiment 3/Experiment 4) as a between-subjects factor. The mean RT was faster for the monitor settings in Experiment 4 than for the monitor settings in Experiment 3, confirming the working hypothesis that higher contrast and luminance facilitated target selection [499 vs. 572 msec; F(1,28) = 8.6 , MS e = 9,311.9, P < .0067]. The main effect of compatibility was not significant (p > .8), but a significant interaction between monitor settings and compatibility was observed, establishing significant changes in the NCE size between Experiments 3 and 4 [F(1,28) = 20.5 , MS e = 226.8, P < .0001]. This pattern of results confirmed the claim that the size of the NCE was influenced by early visual cues, such as display luminance and brightness.
Similar analyses were performed on the other distractor conditions to assess the effect of contrast/luminance changes on the other compatibility effects. For high load with local distractors, the mean RT was again faster for the monitor settings in Experiment 4 than for the monitor settings in Experiment 3, reenforcing the hypothesis that higher contrast and luminance facilitated target selection in the high-load displays [492 vs. 560 monitor-setting effect suggested that changes in contrast did not significantly affect target selection. This result accords well with our proposal that target selection was already quite easy under the low-load conditions of Experiment 3.
Discussion
As contrast and brightness were increased, the NCE observed in the high-load displays was significantly reduced. The finding that low-level visual information, such as brightness and contrast, can significantly influence the NCE supports the view that the NCE occurs during the early stages of visual processing. On the contrary, the PCE observed in the low-load displays remained unchanged as contrast and brightness were manipulated. This finding is consistent with the proposal that the PCE arises mainly at the stage of response selection. It is worth noting that the effect of monitor settings was significant for high perceptual load displays, but not for low-load displays. Thus, changes in the efficiency of the segmentation facilitated the target task only in high-load displays. This finding lends further support to the proposal that the target selection process is most influenced by early visual cues when the task is difficult. The results of Experiment 4 support the view that the NCE is under the control of early segmentation cues and strengthen the proposal that PCE and NCE occur at different stages ofprocessing.
GENERAL DISCUSSION
Experiment 1 established an NCE, during which distractors hindered target processing more when they were compatible than when they were incompatible. We have proposed that, when the target task is difficult and requires selective attention, the type of compatibility effect (negative, positive, or none) will be under the influence of segmentation cues in the display. In this view, the NCE is observed when conflicting segmentation cues in the compatible condition delay the distribution of attention over the display. Experiments 2 and 3 confirmed the proposal that the NCE effect is observed when the target task is difficult. By extending the NCE to configurations with two embedded hierarchical levels, Experiment 2 established that the NCE generalized to other configurations beyond that observed to lead to an NCE in Experiment 1. Experiment 3 compared high-load displays in which the target task was difficult, with low-load displays, in which the target task was easy. The finding of a significant NCE for high-load displays but a PCE for low-load displays supported the claim that the NCE occurs when the target task is difficult and requires selective attention. Experiment 4 was identical to Experiment 3, except that target selection and display segmentation were facilitated by increasing the contrast and the brightness of the displays. High-load displays that led to an NCE in Experiment 3 exhibited positive effects of compatibility in Experiment 4. This result supported the proposal that the NCE is an early perceptual effect resulting from a delay in the allocation of attention in the compatible condition. This delay appears to be due to a competition between different grouping interpretations ofthe display. In contrast, the PCE observed for low-load displays in Experiment 3 was not affected by the brightness and contrast manipulation of Experiment 4, supporting the view that the PCE arises largely from response-related processes. These results lend additional support to the proposal that the NCE and the PCE occur at different stages of processing.
Our studies confirmed the robustness ofthe PCE in the standard global-to-Iocal Navon configuration, in which targets and distractors are made up ofeach other. The use ofconfigurations with two embedded hierarchical levels in Experiment 2 allowed us to test the global-to-Iocal effect beyond the standard configuration. The lack of a compatibility effect from within-group global distractors in Experiment 2 contrasted with the robustness of the standard Navon effect. The size ofthe Navon effect might be dependent on the configural relationships between local and global levels. The colinearity and symmetry introduced in the compatible Navon configuration may be responsible for the robustness of the standard PCE.
The finding of a reliable NCE confirms and extends the reports ofBriand (1994) and Van Leeuwen and Bakker (1995) . We have proposed that the NCE arises because compatible distractors induce grouping by similarity while other cues in the display indicate that the target and the distractors should not be grouped. This view holds that the NCE should be strongest when the target and the distractors act as separate groups, rather than as parts of the same group. Accordingly, in our studies, as well as in those of Briand and of Van Leeuwen and Bakker, global distractors that did not belong to the same group as the target led to the strongest NCE, whereas little or no reliable NCE was observed from within-group distractors. One may ask why the NCE has not been reported before, given the wealth of studies of the flanker effect. This series ofexperiments suggests a few possible explanations. Experiment 4 illustrated how the size of the NCE can be dramatically altered by the manipulation oflow-Ievel visual information, such as brightness and contrast. Little has been said about the status of these factors in related studies by Briand (1993) , Paquet (1992; Paquet & Appleby, 1988; Paquet & Appleby, 1988; Paquet & Merikle, 1988) , and Van Leeuwen and Bakker. Furthermore, the report by Van Leeuwen and Bakker, that the size of the NCE was dependent on display duration, may also account for the variability in the manifestation of the NCE. Note that the rather small effects of display duration in Experiment 3 may be due to a number ofprocedural differences. In particular, in Van Leeuwen and Bakker's experiment, thetargetpositionwasfixed throughout, allowing participants to know ahead of time where to focus attention. In contrast, in our experiments, the target location was not known ahead of time. The distribution of attentional resources when the target location is fixed may be less sensitive to segmentation cues and more sensitive to display duration.
The proposal that the type of compatibility effect (negative, positive, or none) is under the influence of early visual cues in the display is supported by other studies in the literature. For instance, the PCE has been shown to diminish in strength as target and distractors get harder to group together (Baylis & Driver, 1992; Kramer & Jacobson, 1991; Miller, 1991) . The locus of the compatibility effect during the flanker paradigm has also been studied, using electrophysiological indices (Coles, Gratton, Bashore, Eriksen, & Donchin, 1985; Fournier, Scheffers, Coles, Adamson, & Abad, 1997) . The use of the P300 and of the lateralized readiness potential allows for the evaluation of the respective contributions of early visual processes and response-related processes to the compatibility effect. These studies indicated that not only response-related processes, but also early visual processes contribute to the compatibility effect. In addition, the results of Fournier et al. suggested that the relative contribution of each process can be varied as one manipulates early visual cues, such as the feature similarity between the target and the distractors. In particular, these authors reported a greater contribution of early visual processes to the compatibility effect when the display contained different elements that had to be segregated and when it was difficult to do so because of their similarity. This result supports the proposal that emerged from our studies that the contribution of early visual processes to the compatibility effect is maximized when the task is difficult and requires selective attention. This view accords well with Lavie's theory of visual selection, I which holds that when target selection exhausts the attentional resources, the target becomes selectively attended and the PCE diminishes (Lavie, 1995; Lavie & Cox, 1997) . Under these conditions, the contribution of responserelated processes to the compatibility effect is reduced, allowing early visual effects, such as the NCE, to be revealed.
Relationship to Other Phenomena
The NCE bears a strong resemblance to the repeatedletter inferiority effect (Bjork & Murray, 1977; Egeth & Santee, 1981; Santee & Egeth, 1980) . In this paradigm, a stimulus matrix containing two letters, with all the remaining positions filled with a dummy character is briefly presented. At the end of the trial, one of the columns in the display is cued and participants have to decide which of the two target letters were presented in the cued column. Participants' performance is less accurate when the other distractor letter in the display is identical to the cued letter than when it is different. The effect is still observed for visually different distractors, if they share the same name as the target (e.g., Aa; Egeth, & Santee, 1981) . Thus, the repeated-letter inferiority effect, like the NCE, is observed with displays of brief duration and relatively high perceptual load and from distractors that are not visually identical but share the same name as the target. Although the repeated-letter inferiority effect has been proposed to be due to interference at a relatively early stage of perceptual processing, it is still unclear why the repeated-letter inferiority effect should occur.
The NCE also bears a strong resemblance with the report by Van Leeuwen and Bakker (1995) of a negative interference effect. These authors proposed that negative and positive interference effects should be understood as being the by-product of attention gradually expanding over the display. Initially, attention is focused on the target, allowing information at the target location to be integrated and processed. During that time, other irrelevant information in the display is suppressed, leading to a decrement in performance for compatible distractors. Once the figure on which attention was allocated has been integrated, attention is stretched beyond that figure to integrate more components of the stimulus. As distractors get integrated with the target, PCEs are observed. This account fits well with our report that NCEs are observed when selective attention is needed, whereas PCEs are observed otherwise. It will be important for future research to understand why suppression is needed early on, whereas facilitation occurs later on.
Conclusion
The NeE seems best explained as a general property of target/distractor interaction when attentional resources have been exhausted and selective attention is needed for target selection. Under these conditions, the efficiency of target selection is determined by the time it takes to selectively allocate attention to the target location. This process is believed to be under the control of cues as varied as luminance and orientation contrast, gestalt properties, and task requirements (Kramer et al., 1995; Vecera & Farah, 1994) . In contrast, the PCE seems best explained as a general property of the target/distractor interaction when attention can be allocated to both targets and distractors (Lavie & Cox, 1997) . Targets and distractors, when attended, are hypothesized to gain access to higher levels of processing, eventually leading to a competition during response selection between their different representations (Eriksen & Eriksen, 1974; Kornblum & Lee, 1995; Miller, 1982) .
